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Health and development
Good health status is one of the primary aspira-
tions of human social development and, as a conse-
quence, health indicators are key components of the
human development indices by which we measure
progress toward sustainable development. The high
profile of health in development is apparent in the
near-universally adopted Millennium Development
Goals (MDGs) for 2015 (Sachs, 2004; Sachs and
McArthur, 2005), where three of the eight Goals are
directly related to health care intervention and out-
comes: Goal 4 – reduce by two thirds the mortality
rate among children under five; Goal 5 – reduce by
three quarters the maternal mortality rate; Goal 6 –
halt and begin to reduce the spread of HIV-AIDS,
malaria and other infectious diseases. A number of
the other goals are indirectly related to health status
(e.g. Goal 1 – eradicate extreme poverty and hunger)
as malnutrition is considered the single most impor-
tant risk factor to health (WHO, 2002), and clearly
our health prospects rely heavily on the sustainabil-
ity of our environment and essential ecosystems (i.e.
Goal 7; WHO-WMO-UNEP, 2003).
Societies have tended to experience different types
of health problems at different stages of socio-eco-
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Abstract. Good health status is one of the primary aspirations of human social development and, as a consequence,
health indicators are key components of the human development indices by which we measure progress toward sus-
tainable development. Certain diseases and ill health are associated with particular environmental and climate condi-
tions. The timeframe of the Millennium Development Goals (MDGs) demands that the risks to health associated with
current climate variability are more fully understood and acted upon to improve the focus of resources in climate sen-
sitive disease control, especially in sub-Saharan Africa, where good epidemiological surveillance data are lacking. In the
absence of high-quality epidemiological data on malaria distribution in Africa, climate information has long been used
to develop malaria risk maps illustrating the climatic suitability boundaries for endemic transmission. However, expe-
rience to date has shown that it is difficult in terms of availability, timing and cost to obtain meteorological observa-
tions from national meteorological services in Africa. National health services generally find the costs of purchasing
these data prohibitive given their competing demands for resources across the spectrum of health service requirements.
Some national health services have tried to overcome this access problem by using proxies derived from satellites, which
tend to be available freely, in 'near-real-time' and therefore offer much promise for monitoring applications. This paper
discusses the issues related to climate and health, reviews the current use of climate information for malaria endemic
and epidemic surveillance, and presents examples of operational use of climate information for malaria control in
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nomic development. Clearly one would expect
health problems facing rural African communities
to differ from those facing urban populations in
Western Europe, for example. One perhaps overly
simple aid to understanding these differences is the
‘epidemiological transition’ which links changing
disease patterns over time with changes in the pre-
vailing phase of social, economic, demographic and
ecological conditions. For example, first phase –
subsistence agriculture, high fertility, high infant
death rate, low life expectancy, famine and infec-
tious disease are the main causes of death; second
phase – gradual improvements in agriculture, nutri-
tion and sanitation reduce crude death rate; third
phase – intensive agriculture/industrialization, lower
fertility, longer life expectancy, non-communicable
degenerative disease becomes the main cause of
death (Omran, 1971). Beyond such generalization
we must not lose sight of the fact that health prob-
lems are not homogenous in any country, at any
time, regardless of their stage of development, and
disparities occur between social class, gender and
religion, although the poorest portion of the popu-
lation is generally at greatest risk (Phillips and
Verhasselt, 1994; Smith and Ezzati, 2005).
In sub-Saharan Africa where the vast majority of
the population is yet to complete this transition, the
greatest burden of disease morbidity and related
mortality stems primarily from infectious disease.
HIV-AIDS, tuberculosis (TB), and malaria are wide-
ly recognized as the three major culprits. Co-infec-
tion of these diseases is known to exacerbate each
other making care of sufferers particularly challeng-
ing to health services and communities operating
with poor resources in sub-Saharan Africa (WHO,
2002; WHO, 2005a). These three preventable dis-
eases have come to be seen as a significant con-
straint to Africa’s development prospects. Calls have
been made for massive investment in health services
and control programs in the most affected countries
(WHO, 2001). Since its establishment in 2002 the
Global Fund for AIDS, TB and Malaria has mobi-
lized significant financial (US$4.4 billion to date),
technical and political resources towards the fight
against these three diseases, especially in Africa
(Global Fund Grant Commitments & Disbursements
http://www.theglobalfund.org/en/funds_raised/com-
mitments/).
With Global Fund grant commitments and dis-
bursements now underway, attention is beginning to
focus on a large group of diseases confined to the
“other” category by health policy makers and politi-
cians. These so-called neglected diseases are the viral,
bacterial, and parasitic infections, together with acute
respiratory infections and diarrhoeal diseases, which
are all too common in the poorer countries of the
world. Despite the availability of cost-effective, suc-
cessful control interventions, large numbers of the
world’s poorest people remain afflicted or at risk
from this group of ‘other’ diseases. Children are most
at risk of dying from infectious disease and current
estimates suggest that somewhere between 10 and 15
million children die per year from the combined
effects of infectious disease and malnutrition (Jones et
al., 2003; WHO, 2004a). Sub-Saharan Africa is the
only region in the world which is not currently mak-
ing progress in reducing child mortality. The dispari-
ty between these estimates highlights the fact that we
do not have sufficiently reliable surveillance data on
disease incidence in many resource poor countries.
Good surveillance data are essential for resource allo-
cation and planning for effective disease control and
health care services. Strengthening of national health
systems in developing countries is now seen as a pri-
ority in helping health services decide which diseases
are priorities, and to help target resources according
to who, where and when populations are affected.
Health and climate
Certain diseases and ill health are associated with
particular environmental conditions, season, and
climate (Haines and Patz, 2004). This was recog-
nized by the ancient writers of Vedic literature, by
Hippocrates, and is the focus of considerable research
today. Climate may affect health through a number of
direct mechanisms (e.g. heat stress) or, more com-
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monly, through indirect processes including:
(i) water source quality (i.e. water-borne disease); 
(ii) food security (i.e. nutritional status and conse-
quently immuno-suppression);
(iii) economy (i.e. the capacity of individuals or states
to provide protection from harm or the manage-
ment of disease through the provision of drugs);
(iv) transport and infrastructure (i.e. extreme weath-
er events may limit access to health care);
(v) infectious disease (i.e. the impact of climate on
the pathogen, vector, intermediate host and
human host).
The timeframe of the MDGs demands that the risks to
health associated with current climate variability are
more fully understood and acted upon to improve the
focus of resources in climate sensitive disease control,
especially in sub-Saharan Africa, where good epidemi-
ological surveillance data are lacking. While we know
little of the implications of future climate change we
can be sure that health will remain a major factor in
social well-being. If we are successful in helping vul-
nerable communities to benefit from significant
investments in health services and improved manage-
ment of climate sensitive disease in the immediate
future, then we will at least face the potential impacts
of climate change with a lower baseline of infections.
We may also have a better knowledge and human
resource capacity to manage our rapidly globalizing
development in a healthier and more sustainable way.
The focus of this paper is to address the operational
use of climate information for infectious disease con-
trol in Africa. This is the only aspect of climate and
health that has been systematically studied on the con-
tinent, and there are active attempts to use climate
information in decision making within the public
health sector.
Current use of climate information
Climate sensitive diseases
Socio-economic, demographic and immunological
factors play an important role in determining the
vulnerability of individuals and communities to dis-
ease. Climate, however, largely determines the spa-
tial and seasonal distribution of many infectious dis-
eases in Africa, due, in part, to their inadequate con-
trol. It can also be a key determinant of inter-annu-
al variability of disease incidence, including epi-
demics, as well as longer term trends. Climate infor-
mation may, therefore, help service a range of health
care planning decisions and may be used to improve
our assessment of the impact of interventions for cli-
mate-sensitive diseases. Table 1 summarizes how an
understanding of these climate relationships to dis-
ease outcome can be used by health staff and health
policy makers to improve short and long term dis-
ease control in both the short and long term.
The World Health Organization has identified a
number of ‘climate sensitive’ diseases1, the most
prominent of which is malaria, but also includes a
number of the so-called neglected diseases (WHO,
2005b). While recognizing that socio-economic,
demographic and immunological factors play an
important role in the vulnerability of communities
to these diseases, it is apparent that climate variabil-
ity plays an important role in ‘triggering’ periodic
epidemics. The WHO promotes and supports
efforts to establish operational methods of using cli-
mate information in ‘Early Warning Systems’ (EWS)
to help health services to manage these diseases
more effectively. To date, research and operational
advances are most apparent in the development of
integrated early warning systems for malaria
(WHO, 2004b). Inter-decadal variability in climate
is also known to affect the distribution of disease
and the vulnerability of populations to disease. For
example, the thirty-year Sahelian drought has been
associated with changes in the distribution of a
1 WHO identified 14 candidate diseases meeting their criteria for
potential in using climate information in predicting epidemics, these
are: malaria, African trypanosomiasis, leishmaniasis, yellow fever,
cholera, meningitis, dengue, Rift Valley Fever, West Nile Virus,
Japanese encephalitis, St. Louis encephalitis, Murray Valley
encephalitis, Ross River virus and influenza. They acknowledge how-
ever, that this list does not include several respiratory and non-com-
municable diseases which may also be climate sensitive.
S.J. Connor et al. - Geospatial Health 1, 2006, pp. 17-31 19
number of major diseases in West Africa (Thomson
et al., 2004a,b).
Evidence-based health policy
The role of evidence in the creation of health pol-
icy has been strongly promoted in recent years
through, for example, the Cochrane2 and
Campbell3 Systematic Review Systems. 
Before using climate information in routine deci-
sion making, health policy advisors and decision
makers often ask for:
(i) evidence of the impact of climate variability on
their specific outcome of interest, and
(ii) evidence that using climate information is a
cost-effective and practical means to improving
health outcomes.
This demand asserts the importance of evidence in
effective policy making whilst simultaneously plac-
ing climate in a broader context as only one
amongst several imperatives. If evidence is to have a
greater impact on policy and practice then four key
requirements would seem to be necessary before
such an agenda can be developed: 
(i) agreement as to the nature of acceptable evi-
dence; 
(ii) a strategic approach to the creation of evidence,
together with the development of a cumulative
knowledge base;
(iii) effective dissemination and access to knowledge;
(iv) initiatives to increase the uptake of evidence in
both policy and practice.
Improving routine health surveillance is surely one
essential component of this strategic approach but
more effective partnerships need to be developed to
integrate the climate factor.
Malaria and climate
Malaria is a major public health problem in
Africa. It is endemic throughout most of sub-
Saharan Africa and its control is recognized as crit-
ical to achieving the MDGs. Indeed the recently
Table 1. Aspects of disease influenced by climate and potential for informational tools.
2http://www.cochrane.org/ 
3http://www.campbellcollaboration.org/
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Disease Pattern Informational tool Type of climate information 
Spatial Risk maps for endemic and epidemic prone
regions
Requires appropriate climatology based on historical data of
relevant climate variables - with uncertainties known
Seasonal Seasonal calendars for improving the timing
of interventions and reducing mis-diagnosis
of clinical disease
Requires appropriate climatology based on historical data of
relevant climate variables at appropriate spatial scales and
with uncertainties known
Inter-annual 
variability
Informed district policies for epidemic –
endemic disease 
Requires standard climatology relevant to monitoring decadal
shifts in the recent distribution of climate sensitive disease
outcomes
Inter-annual 
variability
Informed district policies for epidemic –
endemic disease 
Requires standard climatology relevant to monitoring decadal
shifts in the recent distribution of climate sensitive disease
outcomes
Trend Understanding of historical trends in disease
data and the potential impact of long-term
climate change
Long time series of appropriate climate data 
Assessment of
impact of 
interventions
Understanding the relative contribution of
climate to changes in the outcome of a
variable monitored to assess the impact of a
health intervention 
Requires time series of climate data, of appropriate spatial
and temporal scale, concurrent with the outcome variables
used in the assessment of the impact of the intervention
published Global Strategic Plan for Roll Back
Malaria 2005-2015 has stated: “six out of eight
Millennium Development Goals can only be
reached with effective malaria control in place”
(Global Strategic Partnership for Roll Back Malaria
2005-2015 http://www.rollbackmalaria.org/forumV/
docs/gsp_en.pdf). Malaria will therefore be used here
as the primary disease to illustrate how climate
information can be used to inform health services in
endemic and epidemic prone countries. Endemic
and epidemic malaria are sometimes referred to as
‘stable’ and ‘unstable’ malaria respectively.
Endemic malaria 
The greatest burden of malaria in Africa is borne
by populations in regions where the disease
pathogen is perennially present in the community. In
these regions, the environment is conducive to inter-
actions between Anopheles mosquitoes, malaria
parasites and human hosts because they contain sur-
face water in which mosquitoes can lay their eggs,
humid conditions which facilitate adequately long
adult mosquito survival and relative warmth which
allows both the mosquito and the malaria parasite
to develop rapidly. In addition, housing quality is
generally poor and offers little protection from
human-mosquito interaction. When malaria control
measures are inadequate, as is the case in much of
sub-Saharan Africa, then the disease distribution is
closely linked with seasonal patterns of the climate
and local environment. Those most vulnerable to
endemic malaria are young children who have yet to
acquire immunity to the disease, pregnant women
whose immunity is reduced during pregnancy, and
non-immune migrants or travelers.
Risk maps and seasonal calendars for endemic
malaria control planning
In the absence of high-quality epidemiological
data on malaria distribution in Africa, climate infor-
mation has long been used to develop malaria risk
maps illustrating the boundaries of climatic suitabil-
ity for endemic transmission. The best known of
these are produced by the Pan-African based MARA
Collaboration (MARA, 1998; Craig et al., 1999).
More recently malaria suitability maps have been
produced in an online interactive format to enable
graphic temporal information (seasonality) to be
queried and displayed along with the spatial infor-
mation (Grover-Kopec et al., 2006). The Climate
Suitability Maps for Malaria Transmission are
available at: http://iridl.ldeo.columbia.edu/map-
room/.Health/.Regional/.Africa/.Malaria/.CSMT/.
Seasonal information allows the development of
malaria control calendars. Such products promise to
help health services focus control activities such as
drug procurement and anti-vector spraying more
appropriately. Seasonal calendars may also help
avoid misdiagnosis and inappropriate drug treat-
ment, both of which are vital to reducing the devel-
opment rate of parasite-drug resistance.
Inter-decadal variability and longer-term trends
We need to be aware, however, of some of the
shortfalls in the climate data being used in such
products. One climatology data set for Africa used
in several mapping products, including those of
MARA, is comprised of continental surfaces of tem-
perature and rainfall compiled from interpolated
observations collected during the period 1920-1980
(Hutchinson et al., 1995). While a sixty-year data
set is valuable for developing a climatology, it does
not fully capture the more recent trends, such as the
Sahelian drought, known to influence current dis-
ease distribution (Thomson et al., 2004a,b).
Resulting disease distribution maps may therefore
mis-represent the current spatial distribution. In the
online products described above the climatology is
developed from observations over the period 1951-
2000 (Hulme et al., 2004). This partly takes care of
the problem of relating climate to recent disease dis-
tributions.
However, the number of observations available
from Africa to produce this climatology has been in
decline over the past twenty years and this raises
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questions about the employed interpolation meth-
ods and the adequacy of the data (e.g. should the
interpolation only be applied where there is an ade-
quate number of observing stations?). Integrating
temperature into disease risk models poses a partic-
ular challenge. This is very important in the high-
lands of east and southern Africa where temperature
limits the extrinsic development rate of malaria and
many other parasites. A fierce debate exists in the
literature on the contribution of recently increasing
temperatures to epidemic malaria in the highlands.
The debate is confounded by poor understanding by
health researchers on the correct use and interpreta-
tion of climate information products and, converse-
ly, limited understanding of disease transmission
dynamics within the climate community. Thus, cau-
tion needs to be exercised when national and sub-
national maps are extracted from these types of con-
tinental-scale products because the results could be
very misleading (Pascual et al., 2006)
There are, however, considerably more observed
data, and more recent data, in national meteorologi-
cal service archives than is available to the global-
level archives from which these climatology products
are derived. Collating and incorporating these addi-
tional data into national climatology products would
be highly beneficial to national development sectors,
including health. Ideally, the development of nation-
al and sub-national distribution maps for malaria
and other climate sensitive diseases should utilize
these data4. Otherwise national health services are
being supplied with sub-optimal information.
Epidemic malaria
Epidemic malaria tends to occur along the geo-
graphical margins of endemic regions, when the
conditions supporting the equilibrium between the
human, parasite and mosquito vector populations
are disturbed. This leads to a sharp but temporary
increase in disease incidence. More than 124 million
Africans live in such areas, and experience epi-
demics causing around 12 million malaria episodes
and up to 310,000 deaths annually (Worrall et al.,
2004). All age groups are vulnerable to epidemic
malaria, because exposure to malaria is infrequent
in these regions and, therefore, little acquired immu-
nity to this life threatening disease is developed
(Kizewski and Teklehaimanot, 2004).
Epidemics can occur for a variety of reasons.
Some epidemics are caused by human activities,
such as an irrigation scheme in a warm, semi-arid
environment, the displacement of non-immune pop-
ulations between highland and lowland regions, or
a breakdown in pre-existing levels of malaria con-
trol. Rarely, they may also follow the accidental
introduction of an exotic mosquito species. These
human-induced epidemics are less likely to return to
the pre-existing equilibrium and may lead to endem-
ic transmission (see Fig. 1).
In the case of ‘classic’ or ‘true’ epidemics, the
changes in suitability for transmission are brought
about by natural causes such as climate anomalies in
regions where the environment does not normally
allow sufficient mosquito and parasite development
to occur. These ‘true’ epidemics often occur in the
desert-fringe or highland-fringe areas, which are
typically too dry or cool, respectively, to support
transmission. The climate anomalies are often peri-
odic and temporary, and there is often a return to
the original unstable state. Examples include the
epidemics occurring in the semi-arid areas of
Southern Africa in 1996-1997, East Africa in 1997-
1998, and the West African Sahel in 1999-2000, all
of which were associated with large-scale unusually
heavy rainfall (WHO, 2004b). Being poorly pre-
pared, health services often become rapidly over-
whelmed, leading to perhaps ten times more malar-
ia-related deaths than in non-epidemic years, across
all age ranges (Kizewski and Teklehaimanot, 2004;
Brown et al., 1998). Epidemics also occur occasion-
ally as enhanced seasonal peaks in regions where
levels of seasonal transmission are normally low.
Fig. 1 illustrates three different types of epidemic sit-
4 This is true also of non-health applications such as farming sys-
tems and food security zone maps which rely heavily on interpolated
climate information.
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uations confronting control services.
Analysis of previous epidemics provides some
understanding of their underlying causes and offers
opportunities to develop indicators for predicting and
monitoring the conditions that are likely to give rise
to new epidemics. This should enable the develop-
ment of an epidemic early warning system, which,
when combined with a flexible control plan, can lead
to epidemic prevention (Connor et al., 1999).
Risk maps for epidemic prone regions
Climate anomalies are of primary interest when
creating risk maps for epidemic prone regions. In
warm semi-arid areas, temperature is rarely a limit-
ing factor for malaria transmission. Insufficient
rainfall, surface water and humidity, however, pre-
vent malaria transmission from occurring on a reg-
ular seasonal basis. In highland fringe areas rainfall
and humidity may be sufficient for malaria trans-
mission, but relatively cool conditions normally
slow down the parasite’s reproductive cycle to the
extent that it is longer than the life span of its mos-
quito host. Consequently, transmission does not
often occur in these regions (Fig. 2). Clearly, anom-
alies in these variables have important implications
for allowing transmission among human popula-
tions with little or no immunity to the disease. Maps
using deviations from mean climatology to demar-
cate epidemic prone regions suffer from the same
issues as endemic risk maps discussed above, includ-
ing changes in which zones are epidemic prone as a
result of inter-decadal variability and longer term
climate trends. 
Routine monitoring products for epidemic prone
regions
Experience to date has shown that it is difficult in
terms of availability, timing and cost to obtain mete-
orological observations from national meteorologi-
cal services in Africa. National health services gen-
erally find the costs of purchasing these data pro-
hibitive given their competing demands for
resources across the spectrum of health service
requirements. A number of those that have paid for
meteorological data, with the assistance of external
project funding, have found its delivery to be too
Fig. 1. A conceptual diagram of three different epidemic scenarios.
The first (top) situation represents a ‘true’ epidemic, i.e. an infrequent event occurring in areas where the disease does not normally occur. This
type of epidemic is often associated with warm arid and semi-arid regions and may be cyclical in nature. The second (middle) situation repre-
sents an unusually high peak in transmission in areas where malaria is normally present on a seasonal basis. This type of epidemic is often asso-
ciated with hypoendemic or mesoendemic settings such as the highland fringes and may also be cyclical in nature. The third (bottom) situation
represents a “resurgent out-break” where neglect or breakdown in control allows malaria to return to its higher ‘pre-control’ level of endemic-
ity. This third type of epidemic may be associated with more complex emergency situations involving political instability and displaced popu-
lations (derived from WHO, 2002).
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slow and irregular for use in an early warning appli-
cation.
As with other sectors, health services have invest-
ed in their own hydro-meteorological network. The
Onchercerciasis Control Programme, for example,
established and maintained a comprehensive stream
flow monitoring system across major river systems
in West Africa as part of its vector control activities.
Recent investments from the World Bank in malaria
control have included the provision of meteorologi-
cal stations at health facilities in Eritrea. In Niger,
project funding has resulted in the creation of 44
meteorological stations directly maintained and run
by health staff. Rainfall, temperature and humidity
data are recorded directly as part of electronic dis-
ease surveillance. These data are sent by satellite to
the central levels of the Ministry of Health, and its
partners, on a weekly basis. The use of this high
technology however raises issues of sustainability
and quality control.
Others have tried to overcome this problem of
access by using proxies derived from meteorological
satellites, which tend to be available free of charge,
in ‘near-real-time’ and therefore offer much promise
for monitoring applications (Ceccato et al., 2005).
The increasing capacity and affordability of person-
al computers means that these large and complicat-
ed sets of data can be stored and analyzed with rel-
ative ease. Furthermore, innovative methods of data
capture, such as remote sensing; and the visualiza-
tion of data from multiple sources offered by spatial
data handling software, such as geographic infor-
mation systems, have greatly increased. These devel-
opments, combined with the possibilities for infor-
mation sharing provided by the Internet, offer an
unprecedented window of opportunity to increase
their usefulness and applicability to developing
country needs.
There are several satellite-derived rainfall esti-
mates available. While some of these products are
intended for research purposes, others are more
appropriate for routine operational monitoring.
Temperature monitoring products currently remain
mostly in the research realm. Satellite-derived esti-
mates of rainfall and temperature cannot complete-
ly overcome the need for ground-based observa-
tions, however, which are essential for testing and
validating sensors and estimation methods. This
brings us once again to the problem of access to suf-
ficient data and interpolation methods used, in this
case, in the satellite products. If the data available to
national meteorological services were available to the
developers of satellite estimation products, then these
could be substantially improved. National meteoro-
logical services could better serve their national
development partners, in health and other climate
sensitive sectors, by making these data available to
them as well.
Despite these problems, studies have shown that
monitoring rainfall anomalies has the potential to
provide advanced warning of impending epidemics
in several areas, including Kenya, Ethiopia, Eritrea,
West Africa and Botswana (Thomson et al., 2006).
In Eritrea the use of remotely-sensed images for
monitoring rainfall is now part of the routine mon-
itoring system. The National Malaria Control
Program based in Asmara uses the web-based
Malaria Early Warning System (MEWS) interface
developed by the International Research Institute
for Climate and Society (IRI) staff. The MEWS
enables users to gain a contextual perspective of the
Fig. 2. Epidemic prone regions in Africa.
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current rainfall season by comparing it to previous
seasons and recent short-term averages. The rainfall
estimates are updated every 10 days through the
Africa Data Dissemination Service (ADDS), which is
maintained by the United States Geological Survey
(USGS) and supported by the U. S. Agency for
International Development (USAID).
The interface is available through the IRI Data
Library and takes the form of an online ‘clickable map’: 
http://iridl.ldeo.columbia.edu/maproom/.Health/.Re
gional/.Africa/.Malaria/.MEWS/. It displays the
most recent dekadal rainfall map over which nation-
al and district administrative boundaries and the
epidemic risk zone can be overlaid. These visual fea-
tures can be toggled on or off and the user can zoom
in to any region for more clarity. In addition, the map
can be downloaded in different formats compatible
with common Image Analysis and Geographical
Information Systems (GIS) software such as
ArcView® or HealthMapper (free GIS software devel-
oped by UN World Health Organization).
Dekadal rainfall can be spatially averaged over a
variety of user-selected areas, including administrative
districts and 11x11km, 33x33km, 55x55km and
111x111km boxes. Upon the selection of this sam-
pling area and a specific location of interest (by a click
on map), four time-series graphs are generated. These
time-series provide an analysis of recent rainfall with
respect to that of recent seasons and the recent short-
term average (see Fig. 3 and Fig 4). A description of
Fig. 3. Malaria Early Warning System ‘Clickable Map’ for rainfall monitoring.
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the time-series figures, the data used and its source is
also provided (Grover-Kopec et al., 2005). 
The type and growth stage of vegetation also play
an important role in determining mosquito abun-
dance irrespective of their association with rainfall.
The type of vegetation which surrounds the breed-
ing sites, and thereby provides, food, potential rest-
ing and protection from climatic conditions are also
important in determining the abundance of mosqui-
toes (Beck et al., 1994). Surface water provides the
habitat for the juvenile stages (egg, larvae, pupae) of
malaria vectors. Monitoring the state of vegetation
and water bodies is therefore important to identify
the source of malaria vectors. In order to monitor
vegetation and water bodies, images from the satel-
lite TERRA and sensor MODIS have been chosen
because they provide frequent images at high spatial
resolution (250 m) and are available free of charge
(an important requirement considering the econom-
ic realities of the countries in the affected region).
The products (vegetation indices 16-day L3 Global
250M SIN GRID V004) are automatically down-
loaded from the USGS Land Processes Distributed
Active Archive Center (LPDAAC) and provided to
the user community via the IRI Data Library web site: 
http://iridl.ldeo.columbia.edu/maproom/.Health/.Re
gional/.Africa/.Malaria/ (see Fig. 5 and Fig. 6.)
The users can download either the raw data which
are the single channels in the blue, red, near-infrared
(NIR) and short-wave infrared (SWIR) wavelengths
in different formats compatible with common Image
Analysis and GIS software as well as the
Normalized Difference Vegetation Index (NDVI)
and Enhanced Vegetation Index (EVI) (Huete et al.,
2002). Using the IRI Data Library, the users can
remotely (via the Internet): 
(i) combine the different channels to create their
own tailored vegetation indices for monitoring;
e.g. vegetation status in terms of moisture con-
tent by using a combination of the NIR-SWIR
(Ceccato et al., 2002);
(ii) visualize a color composite of the SWIR-NIR
and Red channels (Red-Green-Blue) where the
vegetation appears in green, the bare soils in
brown and the water in blue;
(iii) integrate the color composite into GIS software
with ancillary data such as roads and villages;
(iv) extract weighted averages of the different
indices per GIS layers such as district contours
or any other shape file;
(v) create long-term time series of vegetation indices
(Ceccato et al., 2006).
In Botswana, it was shown that further advanced
Fig. 4. Malaria Early Warning System ‘Clickable Map’ for
rainfall monitoring with summary information on current
rainfall/seasonal development for location of interest.
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Fig. 5. MODIS Image Download Tool available through IRI Data Library.
Fig. 6. MODIS Image NDVI Analysis Tool available through IRI Data Library.
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warning of epidemic risk could be achieved by
including seasonal climate forecasts into the malar-
ia early warning system framework (Thomson et al.,
2005, 2006). The southern African region, which
has a long history of malaria epidemics, now has the
most advanced integrated approach to epidemic
malaria control based on the evidence of the key
determinants of epidemics in the region (Craig et al.,
2004a,b; Thomson et al., 2005). These include cli-
matic factors such as changes in rainfall and tem-
peratures, as well as non-climatic factors such as
changes in drug resistance, declining health infra-
structure and migrations of non-immunes, or ‘para-
site carriers’ into regions of differing risk.
Experience and evidence for use of an integrated
warning system approach within a national malaria
control program has been demonstrated in
Botswana over the past few years (Thomson et al.,
2005). Other countries in the Southern African
Development Community agree that this approach
provides a useful framework for planning epidemic
preparedness and response strategies. The WHO
Southern Africa Inter-Country Programme for
Malaria Control (SAMC) has supported them in
exploring these tools further (Da Silva et al., 2004).
As a result the region has now, for the second year
running, prepared for the malaria season with a
regional meeting (i.e. Malaria Outlook Forum) at
which national and local vulnerability is assessed in
the context of the pre-rainy season climate forecasts
that have been tailored to the malaria community.
However, while such developments in computer
and allied technologies are very welcome, their pro-
vision alone will do little to help solve the problems
surrounding lack of capacity in sub-Saharan Africa.
There is a massive need for institutional capacity
strengthening, including the development and train-
ing of human resource capital. To get the relevant
tools into practical use in routine decision-making a
number of issues must be addressed.
These are: 
(i) the problems identified and their potential solu-
tions must stem from the needs and perspec-
tives of the users and not the data/product sup-
pliers and developers, thus ensuring that the
demand is real;
(ii) costs of developing and maintaining the tools
and training curricula will ideally be met with
monies over which national agencies have full
command, even if they originate from donor
sources, thus ensuring that the choices made
and priority rankings are their own; 
(iii) training needs to be trans-disciplinary and
delivered through carefully selected national
and regional institutions that can grow and be
capable of maintaining the demand for spe-
cialised personnel (who may well move out of
the original sector to take other jobs in the
labour market as their skills base increases);
(iv) interfacing climate and health is a new discipli-
nary area and requires long-term investment in
boundary institutions and the development of a
hierarchy of curricula and training materials for
use at different levels of the health sector. This
needs to be combined with a backdrop of prob-
lem-focused research activity which incorpo-
rates the latest health and climate knowledge;
(v) good career opportunities need to be apparent
to attract those who are interested in working
in this interface.
Given the current status of institutions in sub-
Saharan Africa the above will undoubtedly need to
be supported by development partners through the
medium term. If national research and educational
establishments are strengthened, then they will have
a significant role to play. To ensure sustainability,
national institutions that are accountable to their
own constituencies and national development agen-
das must be leaders in this process.
Opportunities – Integration of climate information
into health information systems
The current momentum and investment in
strengthening health systems and reducing disease in
sub-Saharan Africa is unprecedented. Investment in
research and operational delivery of climate infor-
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mation products for climate sensitive-disease con-
trol would be highly valuable in helping to maxi-
mize the effectiveness of control program planning
and implementation.
Policy congruence
There is currently a good deal of policy congru-
ence through international, regional and local levels
to support this effort. The remaining challenge is to
get the knowledge into practice and sustaining it
where it is needed. Allied initiatives stress that many
of the time-bound goals and targets of the MDGs
(health and non-direct health) are climate sensitive.
In order to achieve the MDGs in health it is crucial
that appropriate polices are developed and imple-
mented to improve health system performance
(Travis et al., 2004). This may be helped by enhanc-
ing the workforces’ ability to detect and treat dis-
eases, monitor and predict spatio-temporal patterns
and implement intervention and control strategies in
a timely and cost-effective manner through the use
of tools and analysis informed by climate data.
The current policy context for the control of epi-
demic malaria 
In order to get research outcomes into policy and
practice it is important to understand the context in
which different policies are adopted and supported
in a practical manner. Below is an example of how
policies developed at the district and national level
connect to the larger political agenda of interna-
tional policy makers.
Global 
Improved early warning, prevention and control
of epidemics is one of the key technical elements of
the current Global Strategy for Malaria Control
(WHO, 1993) and the Roll Back Malaria (RBM)
Partnership (Global Strategic Partnership for RBM
2005-2015: http://www.rollbackmalaria.org/forumV/
docs/gsp_en.pdf).
Regional 
The African Heads of State declared their sup-
port for the Roll Back Malaria initiative in Africa
in April 2000 with the Abuja Targets (WHO,
2000). In these targets national malaria control
services are expected to detect 60 percent of malar-
ia epidemics within two weeks of onset, and
respond to 60 percent of epidemics within two
weeks of their detection. With the support of the
WHO Regional Office for Africa, the WHO Inter-
Country Programme Teams engage in the develop-
ment of recommendations, guidelines and techni-
cal support to improve transboundary/cross border
prevention and control of epidemics within their
various sub-regions (e.g. Regional Economic
Communities (RECS) ECOWAS, IGAD and
SADC) including collaborative activities with the
African Development Bank.
National 
As a consequence of these policy developments,
countries which are epidemic prone have: demarcat-
ed epidemic/endemic prone areas; established epi-
demic malaria surveillance systems in epidemic
prone areas; strengthened their epidemic response
capacity (with the assistance of the Global Fund for
AIDS, Tuberculosis and Malaria (GFATM) and
other donor support).
In many national malaria control policy docu-
ments, countries now recognize that to achieve the
Abuja targets they need better information on where
epidemics are most likely to occur, and, ideally,
some indication of when they are likely to happen.
As a consequence, they have begun to explore the
use of climate information in the development of
integrated early warning systems.
Thus there is increasing congruence in policy ini-
tiatives from multilateral, bilateral, national and
non-governmental agencies in relation to epidemic
disease control and a growing demand for climate
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information and the development of early warning
systems to support these efforts. 
Linking health policies for climate-sensitive diseases
to understanding climate change
This policy congruence extends to the current dis-
cussions on adaptation to climate change.
Strengthened health systems are also seen as vital to
improving the management of climate-sensitive dis-
ease in the context of climate change. The
International Panel on Climate Change (IPCC) iden-
tified building public health infrastructure as:
“The most important, cost effective and urgently
needed adaptation strategy”.
Other measures endorsed by the IPCC include
public health training programs, more effective
surveillance and emergency response systems, and
sustainable prevention and control programs.
These measures are familiar to the public health
community and are needed regardless of climate
change and constitute what is the basis of a “no
regrets” adaptation strategy (Grambsch and
Menne, 2003).
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